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aa p RNA 

r.r.r. ac.a ncGCACCC CTCGCAG ^^Af^CATGAGTACCGCGGTCTTTCCCCGCCCGCCTCT 180 
CCCTCTCCCGTCCCCACCGTCTACTCGCTACTCATCCCCCCACAAACCCCCCCCCCCACA 



TCTCTTCCCCA^TCTTCCCCACGCTCCCAGarrACCCAACCCACCCACCCCCCCGTCCAA 2^0 
AGAC AbCCGTAGAGAAGCGCTCCCACGCTCCCATCCGTTGCGTCCCTCCCGCC CCAGGTT 

ai aiui 

CGCCTCG<^GG TarrCCCCTGCCCTCTTCCCGACCACCATCAGCTGCTTCCACACCACCC 300 
CCCCACCCT<t AC(>GCGCACCGCACAACCCCTCCTCCTACTCGACCAACCTCTCCTCCG 
ODNA MSUFDTT L 

TCTCCCCCCTCAACCCCrrCTTCACCCCTCCCCTCACACCAACCACCACCCCCCTGCACC 360 
SRLKCLFSRPVTRSTTCLDV 

TCCCCCTCCATCCCCACCG ACCTCCCCACCACGTCCTC ACCCACACCCTCTCCACGTCCC 4 2 C 
p.LDAHCRPQDVVTETVSTSC 

CCCCCCTGAACCCACCGCACCTGCGACACGTCCCCCGCCATCCCCCCCTGCTCCCCAAGC 4 80 
PLKPCHLRQVRRDARLLPKC 

GCCTCCCCCCCTACACCCCCCCCCCCAAGAACTCCATCCACCCCCCCCACCCCCCCCCCC 540 
VRRYTPCRKKVMEAAEARRL 

TGTTCTCCCCCACGCTCCCCACGCCGAACCGCAACCTCAGGCACTTGCTCCCCGACCACG 600 

FSATLRTRNRNLRDLLPDEA 

• 100 

CACACCTCCCCCCCTACCCCCTCCCCGTCTCCCGCACCCAACAGCACCTCCCACCCCCCC 660 
QLARYCLPVWRTEEDVAAAL 

TGGCCCTCTCCCTCCCCGTCCTCCCCCACTACACCATCCACCGCCCGCCCGAGCCCCTGC 7 20 
CVSVGVLRHYS I HRPRERVR 

CGC ACTACGTCACCTTCGCCGTGCCCAAGCCCTCCCG ACCCGTCCCGCTGCTGCATCCGC 7 8 0 
H Y V T F A V PKRS CCVR LLHA P 

CCAACCGCCGCCTGAACGCCCTCCAACCCCCGATCCTGGCCCTCCTCCTCTCCAACCTCC 8^0 
KRRLKALQRRMLALLVSKLP 

CCCTCACTCCACACGCCCATCCCTTCCTGCCCGCCCCCTCCATCAAGACGCGCCCCGCGC 900 
VSPQAHCFVPCRSIKTGAAP 

CGCACGTCGCCCCCCCGGTCCTCCrrCAACCTWACCrGAAGGACTTCTTCCCCTCCCTCA 960 
HVCRRVVLKLDLKDFFPSVT 

CmCGCCrcGCTGCCACGCCTCCTCATCCCCCrCCCCTACXXCTATCCCGTCCCGCCCA 1020 
FARVRGLLIALGYGYPVAAT 

CGCTCCCGCTGCTCATCACGCACTCCCACCCCCAGCCCGTGCACCTGGACGGCATCCTCT 1080 
LAVLMTES ERQPVELEGI LF 

•250 

TCCACGTTCCCGTGCGCCCACGCCTCTGCGTCCAGGCCCCCCCCACGAGCCCCGCCCTGT 1 1*»0 
HVPVGPRVCVQGAPTSPALC 

GCAACGCCCTGCTCCTCCGACTCGACCCCCCCCTCGCGCGACTCCCGCCTCCCTACGGCT 1 200 
NAVLLRLDRRLACLARRYC Y 
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CACCCACCCCTCACCTCCCCATCCCCCACCCCCTCTCACCCCTCCCCCCCTCCCACTTCT 1620 

CATCCCCCCCCTCCCACTAC 
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-191 TAGATCCGTTGTTTCTCGTCTAATAAATGAACGAAAAATACTTCAAATGACTGATGGTTA 

- 1 3 1 TCAGGTCACTGCTTTGGGGGCTAGCTATGTTAGGAGCGTCTTTGATAGAAAGACACTTGA 

- 7 1 CCGATTCCGGCTTGAGATTATGAATTTTGAAAACCGTAGAAAATCAACATTTAACTATGA 
♦ 1 

. | - | BsdftNA 

- 1 1 TAAGArrCCGTATGCGCACCCTTAGCGAGAGGTTTATCATTAAGGTCAACCTCTGCATGT 

IR 



4 9 TGTTTCGGCATCCTGCATTGAATCTGAGTTACTGTCTGTTTTCCTTGTTGGAACGGAGAG 

< 

109 CATCGCCTGATGCTCTCCGAGCCAACCAGGAAACCCGTTTTTTCTGACGTAACGGTGCGC 
BSONA | 

1 6 9 AACTTTCATGAAATCCGCTGAATATTTGAACACTTTTAGATTGAGAAATCTCGGCCTACC 
- i r netLysSerAlaGluTyr LeuAsnThr PheArgLeuArgAsnLeuGl yLeuPr 

2 2 9 TGTCATGAACAATTTGCATGACATGTCTAAGGCGACTCGCATATCTGTTGAAACACTTCG 
oValnetAinAsnLeuHi sAsprte tSe r LysAlaThrAf gl It St rVa 1G1 uThr LeuAf 

289 GTTGTTAATCTATACAGCTGATTTTCGCTATAGCATCTACACTGTAGAAAAGAAACGCCC 
fT§ gLeuLeuI UTyrThrAl aAspPheArgTyr Acgl leTyrThrValGluLye LysGlyPf 

Q 349 AGACAAGAGAATGAGAACCATTTACCAACCTTCTCGAGAACTTAAAGCCTTACAAGGATG 

,"""*", oGiuLyBArgtte tAtgThr I leTyrGlnProSerArqGluLeuLysAlaLeuGlnGlyTr 

rT 4 09 GGTTCTACGTAACATTTTAGATAAACTGTCGTCATCTCCTTTTTCTATTGCATTTGAAAA 

p£ pValLeuArgAinlleLeuAspLysLeuSerSerSerProPheSer IleGlyPheGluLy 

S 4 69 CCACCAATCTATTTTGAATAATGCTACCCCGCATATTGGGCCAAACTTTATACTGAATAT 

sHi sGlnSer I lcKuAsaAsnAlaThrPcoHisI leGlyAlaAtnPhe I leLeuAsnl 1 

%=J ...... 

= . j 529 TGATTTGGAGGATTTTTTC C CAAG TTTAACTGCTAACAAAGTTTTTGGAGTGTTC CA TTC 

eAspteuGluAspPbePhePf oSer LcuThcAlaAsnLysValPhcGlyValFheHi tSe 

n ...... 

S 8 9 TCTTGGTTATAATCGACTAATATCTTCAGTTTTGACAAAAATATGT^ 

rleuGlyTyrAsnArgLcuIleSerSerValLeuTtuLysIleCytCytTyrLysAtnLe 

Jfe 649 gctaccacaAggtcctccatcatcacctaaattagctaatctaatatgttctaaacttga 

^ uLeuPf oClnClyAlaPcoSe r Set ProLy«LeuAlaA«nLeuIl*Cy (SerLysLeuAc 

%A ...... 

" 7 09 ttatcgtattcagggttatgcaggtagtcggggcttgatatatacgagatatgccgatga 

pTyrArgl leGlnGlyTyrAlaGlySetArgGlyleuI leTyrTh rArgTy rAlaAspAs 

769 TCTCACCTTATCTGCACAGTCTATGAAAAAGGTTGTTAAAGCACGTGATTTTTTATTTTC 
pLeuThrLeuSecAlaGlnSe cHetLysLysVal ValLysAlaArgAtpPheLeuPheSe 

8 29 TATAATCCCAAGTGAAGCATTGGTTATTAACTCAAAAAAAACTTGTATTAGTGGGCCTCG 

tl lei lePcoSerGluGlyLeuVal I leAsnSe rLy sLysThrCys I leSe rGlyPcoAc 

889 TAGTCAGACGAAACTTACAGGTTTAGTTATTTCACAAGAGAAAGTTGGGATACGTAGACA 
gSe rGlnArgLytValThrGlyLeuVallleSerGlnCluLytValGly I leGlyArgCl 

9 4 9 AAAATATAAAGAAATTAGAGCAAAGATACATCATATATTTTGCGGTAAGTCTTCTGAGAT 

uLysTyrLysGluIleArgAlaLysIleHisHisIlePheCy*GlyLysSerSerGluIl 

1009 AGAACACGTTAGGGGATGGTTGTCATTTATTTTAAGTGTGGATTCAAAAAGCCATAGGAG 
eGluHUValArgClyTrpLeuSerPhelleLeuSerValAspSerLytSerHltArgAr 

1069 ATTAATAACTTATATTAGCAAATTAGAAAAAAAATATGGAAAGAACCCTTTAAATAAAGC 
9LeuIleThrTyrIle$erLy&LeuGluLysLysTyrGlyLycAsnProLeuAsnLycAl 

1129 GAAGACCTAATGGTCTTCGTTTTAAAACTAAAGCTCATAGGTTGAAAAATTGAGCACTTC 
*Ly»Thr 

1189 TTCGTCCAACCACTTATTTAGTTCCTGCAATCGTTTCTGCAG 
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tcaccctqaaaqlccti qattqettacetqqaaqaqaagccqqaaatqqcgqaacatctqq 60 
cqqcqgttaaqgcctatcqcqaaqaqttcgqcgtttaaaAATATGCGC^^^^ 120 



300 
360 
20 
480 



^^^^^^^^^^ " 

^^^TCTTTTGGCCGCCGTCATGTGGAGAGTGG^TGGATGC^SoGWCAACCCTTC 4! 
TGGCGCTCGATTTGTICGOTTCGCCGOXTGGAGCGCCGA «, 

atgJjc^^^ 540 

GTGGTCAGCGGCTGGTGTOAG^CXCTGATTACTTGCTC 

TTAAGAACGTCCTTTCACAATTTCCGCTTTCCCCT^TGC^ACA^CTACCGACCAGGTT 660 

tcgmaacttt^ 
agttgccacgtaatgtggtaaccatgctgac^ 

cgcagggggcaccaacttcgccagccatttccam 
gcataggggaatggtgtcaggctcggggaattacctacacccgc^^ 

iGEWCQARGITYi R Li — — * 

ccttttcaggtc^cttcaatgcccgcc^ 
agctgggcctgagcctcaataaacgca^ 

TGCGT^GG,^ 

gtgaacttgatccttctggcgatctccacgcacaggcaacggcgtatctttatgctttgc 12 

ELDPSG DLHAQATAYLYALQ 

GAGAGAGTGTAAAGCGAATGCTGGTTGCATGGTAAGAAAAGCGTCAGGCAGACGTTTCrG i: 
ESVKRMLVAW* 

CCTGACCGTTTAGGGGAGAattactgcaactgcgcggcaattagcggccagcggqcgtca 
aaatcatccgtcgggcggtatttaaactcgctgcgqacaaaacgtgacagcataccttca 

cagaaggccaggatctggcttgcca^cag^ttcatcag 



760 

840 
900 
960 
1020 
1080 
1140 
1200 
1260 

320 
380 



1440 
tea 1500 
1540 



FIGURE 19 




FIGURE 20 



RHIZOBIAL ISOLATES 



Strain (legume host genus) 



USDA strain no. 


Geographic source (date) 


nwDNA m 


3002 


Brazil (1959) 


+ 


3003 


Africa (1950) 




3325 


Morocco (1974) 




3838 


?(1976) 


+ 


3516 . 


Florida (1972) 


+ 


4362 




3004 


Maryland (1952) 


+ 


3240 


Maryland (1939) 




3339 


Thailand (1979) 




3341 


Hawaii (1978) 




3854 


Alaska (1962) 




3472 




3317 


Brazil (1974) 




3378 ' 




3379 


Mexico (1963) 




3165 


Virginia (1935) 




3167 


? (1961) 




3384 


Brazil (1967) 




- 3225 


Ecuador (1948) 




3241 




3242 


Maryland (1939) 


+ 


191 


China (1979) 




2370 


Illinois (1933) 




2429 


Hawaii (1978) 




2435 


Holland (1955) 




2480 


Tennessee (1951) 




2489 




2426 






3404 


Colombia (1979) 




3084 


Maryland (1946) 




3468 


New Zealand (1961) 


+ 


3469 




3471 






3503 




+ 


3669 


California (1968) 




3074 


Minnesota (1954) 




3470 


California (1916) 




3040 


Florida (1940) 




3045 


Florida (1946) 




3451 


Zimbabwe (1960) 




1097 


North Dakota (1948) 




1011 


Maryland (1933) 




1021a 


North Dakota (1948) 




2667 


Washington (1948) 




2669 






2674 


Brazil (?) 




2676 


Colombia (1972) 




3256 


Illinois (1941) 




3436 






3441 


Brazil (?) 




3477 


Colombia (1976) 




2046 


Virginia (1934) 




2048 


Illinois (1934) 


+ 


2063 


Florida (1939) 




2065 


Alabama (1952) 


+ 


2116 


South Carolina (1944) 




2134 


? (1974) 




2145 






2156 


California (1920) 




1177 


Florida (1939) 




2744 


Brazil (?) 




3447 • 


Thailand (1979) 


+ 


3456 


Wisconsin (1966) 





Rhizobium sp. {Acacia) 



Bradyrhizobium sp. {Aeschynomene) 

Brcufyrhizobium sp. {Albizia) 
Bradyrhizobium sp. (/Ipios) 
Bradyrhizobium sp. (Arachis) 

Rhizobium sp. {Astragalus) 
Rhizobium sp. (Cajanus) 
Bradyrhizobium sp. (Canavaiia) 
Rhizobium sp. (Cicer) 

Bradyrhizobium sp. (Coronilla) 

Bradyrhizobium sp. (Crotalria) 
Bradyrhizobium sp. (Desmodium) 
Bradyrhizobium sp. (Erythrina) 

Rhizobium frtdii 
Rhizobium leguminosarum 



fy Rhizobium sp. (Lens) 
Rhizobium loti 



La? 



Bradyrhizobium sp. (Lotus) 

O Rhizobium sp. (Lupinas) 

|_y Bradyrhizobium sp. (Lupinas) 

ZLj. Bradyrhizobium sp. (Macrotyloma) 

%=£ Rhizobium medicago 

yj Rhizobium meliloti 

^ Rhizobium phaseoli 



Rhizobium sp. (Robinia) 
Bradyrhizobium sp. (Stylosanthes) 

Rhizobium trifotii 



Rhizobium sp. (Trigone lla) 
Rhizobium tropici 
Bradyrhizobium sp. (Vigna) 



* AIJ strains are from the USDA Beltsville Rhizobium Culture Collection, provided by Peter van Berkum. 
As defined by detection of radiolabeled msDNA by the RT extension method. 
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